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INFLAMMATION  AND  MICROBES. 

A  LECTURE. 


BY  JOHN  D.  KALES,  M.D. 


A  complex  but  interesting  series  of  phenomena  are 
known  to  take  place  when  certain  living  vegetable 
cells  invade  an  animal  tissue  and  compete  with  its 
living  units  for  nutrition.  The  life  and  well  being  of 
invading  bacteria  usually  means  death  to  the  neigh¬ 
boring  tissue  cells.  This  issue  is  resisted  most  vig¬ 
orously  by  those  cell  elements  immediately  concerned 
in  protecting  the  organism.  In  the  more  simple 
forms  of  life  these  influences  are  less  complex  and 
are  confined  to  so-called  immediate  effects,  while  in 
the  human  organism  we  have  not  only  the  immediate 
but  also  the  remote  influences  of  active  efforts  at  re¬ 
sistance.  It  is  evident  that  the  more  complex  the 
organism  the  more  multiple  and  intricate  will  be 
these  manifestations.  A  complex  and  highly  differ¬ 
entiated  organism  has  a  temperature  regulating 
mechanism  which  is  easily  deranged.  It  has  nu¬ 
merous  organs  whose  secretions  and  functions  may 
be  altered,  a  highly  developed  nervous  system  which 
responds  quickly  and  often  violently  to  unusual  im¬ 
pressions.  Then  taking  the  human  organism  as  a 
type  of  the  most  complex,  we  will  note  not  only  the 
immediate  or  local  effects  of  an  inflammation,  but 
also  the  remote  or  general  effects.  These  latter  may 
be  even  more  striking,  comprising  as  they  do,  a  series 
of  reflex  phenomena  like  convulsions,  fever,  changes 
in  the  secretions  both  qualitatively  and  quantita¬ 
tively  from  the  skin,  kidneys,  salivary  glands,  etc. 

Of  late,  investigations  regarding  inflammation  have 
been  made  comparatively.  Metschnikoff’s  studies  of 
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what  we  might  call  the  evolution  of  inflammation, 
have  been  the  most  notable  contributions  ever  made 
to  the  subject.  They  demonstrate  the  potency  of 
studying  a  subject  comparatively.  Such  study  has 
shown  that  the  lower  forms  of  animal  life  exhibit 
the  inflammatory  phenomena,  and  what  is  most  in¬ 
teresting  to  the  student  they  express  it  in  its  lowest 
and  simplest  terms.  As  we  advance  to  the  verte¬ 
brates  and  rise  to  the  mammalia,  one  accessory  after 
another  is  added,  until  the  phenomena  as  man¬ 
ifested  in  the  human  species  is  seen.  By  thus  study¬ 
ing  the  evolution  of  a  complex  process,  we  are  ena¬ 
bled  to  give  to  its  various  phases  their  respective 
values.  Values  that  may  be  founded  upon  duration, 
persistence  or  fundamental  characteristics.  Phago¬ 
cytosis  is  the  most  persistent  and  fundamental  phe¬ 
nomenon  seen  in  the  comparative  study  of  inflam¬ 
mation, 

To  define  inflammation  is  perhaps  a  useless  pro¬ 
ceeding,  unless  we  can  make  the  definition  a  basis  or 
text  for  its  analysis.  Briefly,  we  might  present  it  in 
the  following  words  as:  A  reaction  which  living  tis¬ 
sues  exhibit  to  irritation  or  injury.  According  to 
this  view  the  more  obscure  portion  of  the  subject 
turns  upon  the  significance  of  the  word  reaction.  The 
expression,  irritation  or  injury ,  conveys  a  clearer  im¬ 
pression  to  the  mind,  and  bacteria  become  linked 
with  the  subject  at  this  point.  The  reaction  process 
belongs  to  living  cells  and  may  be  divided  into  a 
defensive  and  constructive  stage.  The  latter  might 
not  be  called  inflammatory  in  a  strict  sense  of  the 
word.  However,  the  end  and  aim  of  the  defensive 
process  is  to  arrive  finally  at  the  constructive.  In 
a  given  wound  there  may  be  much  or  little  to  defend 
but  the  leucocytes  are  poured  out  notwithstanding; 
if  not  needed  for  defense  they  proceed  immediately 
to  construction.  Defense  and  construction  are  sup¬ 
plementary  in  a  process  which  aims  ultimately  at 
restoration.  In  both  steps  the  same  elements, leuco¬ 
cytes  and  phagocytes  play  their  parts. 
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So  far  as  defense  is  concerned,  phagocytosis  is  the 
most  active  and  striking  phenomenon.  It  is  ob¬ 
served  in  the  lowest  and  slightly  differentiated  forms 
of  life,  as  well  as  in  the  highest.  Comparative  study 
shows  that  phagocytosis  is  less  active  in  man  than 
in  the  lower  animals.  A  high  degree  of  tissue  differ¬ 
entiation  evidently  makes  phagocytes  less  numerous 
or  renders  them  less  effective.  This  is  perhaps  one 
of  the  sacrifices  the  human  and  other  highly  differ¬ 
entiated  species  have  to  make  for  the  advantages  of 
possessing  highly  specialized  tissues. 

The  next  step  in  the  defensive  process  differs  from 
phagocytosis,  inasmuch  as  it  is  only  seen  and  stud¬ 
ied  in  the  more  highly  organized  forms  of  animal 
life.  It  is  in  fact  a  concerted  activity,  a  combina¬ 
tion  of  forces  whereby  millions  of  phagocytes  and 
leucocytes  do  through  organization  what  a  single  one 
would  do  in  simple  phagocytosis.  Instead  of  one  by 
one  englobing  bacteria,  they  by  concerted  process 
surround  the  lot.  Thus  we  get  the  so-called  circum¬ 
scribing  action  or  union  of  forces  with  one  intent. 
By  it  the  contest  is  made  to  take  place  within  boun¬ 
daries.  This  circumscription  is  in  fact  a  measure  of 
last  resort,  simple  phagocytosis  having  failed.  The 
end  to  be  attained  here  is  the  formation  of  an  abscess. 
The  inflammatory  products  and  irritant  materials 
are  hemmed  in  by  the  so-called  pyogenic  membrane 
or  wall  extemporized  for  the  purpose  of  limitation. 
The  very  natural  result  of  this  confinement  is  the 
production  of  those  classical  symptoms  of  inflamma¬ 
tion,  pain,  heat,  redness,  swelling,  and  loss  of  func¬ 
tion.  These  symptoms  appear  more  or  less  promi¬ 
nently  according  to  the  results  of  the  defensive  pro¬ 
cess.  The  contents  of  an  abscess  consist  of  serum, 
leucocytes,  phagocytes,  bacteria  and  chemic  toxins 
with  possibly  some  fibrin  and  tissue  dSbris.  Clini¬ 
cally  this  material  is  known  as  pus.  In  the  forma¬ 
tion  of  the  typical  abscess,  the  aim  is  one  of  limita¬ 
tion.  An  abscess  is  in  a  measure  destructive,  but 
the  damage  is  confined,  and  thus  the  sacrifice  of  a 
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part  is  made  often  for  the  benefit  of  the  whole  organ¬ 
ism.  The  circumscribing  action  is  less  necessary  on 
surfaces;  it  does  at  times  occur  and  is  then  marked 
by  a  barrier  of  deep  induration. 

The  defensive  process  has  been  seen  to  consist  in 
a  phagocytosis  and  a  circumscribing  action,  but  the 
same  call  which  summoned  the  leucocytes  to  the  de¬ 
fensive,  leaves  them  upon  the  site  of  injury»for  the 
purpose  of  reconstruction.  Defensive  and  construc¬ 
tive  activity  seldom  go  hand  in  hand ;  they  follow 
one  another,  but  the  way  must  always  be  cleared 
before  repair  can  begin.  Construction  takes  place 
also  with  the  help  of  the  fixed  connective  tissue  cells 
and  it  occurs  promptly,  providing  the  energy  of  the 
tissue  cells  has  not  been  entirely  exhausted  in  the 
defensive  struggle.  Construction  implies  organiza¬ 
tion  or  regeneration.  It  has  been  stated  that  special¬ 
ization  or  the  higher  evolution  of  the  tissues  of  an 
organism  was  accompanied  by  a  diminution  of  phago¬ 
cytic  activity,  so  the  same  higherdevelopment  entails 
a  feebleness  in  the  regenerative  or  reconstructive 
function. 

We  have  therefore  to  consider  the  human  organ¬ 
ism  as  having  purchased  its  higher  development  at 
some  considerable  cost,  it  being  in  consequence  pro¬ 
vided  with  less  active  phagocytes  for  defense  and 
less  active  leucocytes  for  construction.  In  the  lower 
animal  kingdom  the  regenerative  function  is  so 
active  that  not  only  are  injured  organs  successfully 
repaired,  but  lost  limbs  and  processes  are  recon¬ 
structed.  A  lobster  having  lost  his  claw  can  grow'  a 
new  one.  The  tadpole  may  regenerate  a  lost  tail,  etc. 

In  man,  mesoblastic  or  connective  tissue  almost 
monopolizes  the  regenerative  function.  It  is  the  one 
tissue  that  has  suffered  the  least  differentiation. 
Phagocytes  and  leucocytes  are  derived  from  it,  and 
are  very  largely  the  agents  through  which  it  works. 
In  man  a  wound  or  loss  of  substance  of  the  liver  or 
brain  is  replaced  by  fibrous  or  mesoblastic  tissue ;  the 
liver  or  brain  cells  are  too  much  specialized  to  be 
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capable  of  self  repair.  Observation  on  all  the  other 
tissues  of  the  human  body  shows  a  striking  feeble¬ 
ness  in  this  regenerative  capacity. 

Having  defined  inflammation  as  a  reaction  which 
arose  from  an  irritation  or  injury,  we  have  now  to  in¬ 
vestigate  this  irritation.  Primarily  we  can  conceive  of 
irritation  or  injury  only  as  arising  from  mechanical, 
chemical  or  thermal  causes.  Considering  chemical 
causes  only,  these  may  operate  directly  or  indi¬ 
rectly.  When  directly ,  it  can  be  proved  that  in¬ 
flammation  may  arise  through,  for  example  the 
application  or  injection  into  living  tissues  of  some 
chemic  irritant,  germ  free.  This  process  is  chiefly 
one  of  experimental  interest.  The  mode  of  intro¬ 
ducing  a  chemic  toxin  indirectly  into  the  tissues 
through  the  agency  of  bacteria  has  the  widest 
clinical  significance.  The  direct  mode  is  often  mis¬ 
leading,  for  the  direct  use  of  any  chemic  irritant 
creates  in  living  tissue  a  locus  minoris  resistentise  and 
may  thus  ultimately  induce  bacterial  invasion.  The 
direct  method  should,  however,  have  nothing  to  do 
with  bacteria,  though  it  would  be  a  purely  chemic 
matter  whether  we  injected  aseptically  into  living 
tissues  croton  oil,  turpentine  or  phlogosine,  an  alka- 
loidal  product  of  certain  pyogenic  organisms.  If 
these  substances  are  used  we  get  substantially  the 
same  result  as  inmicrobic  inflammation,  though  with¬ 
out  microbes  we  miss  their  peptonizing  action  which 
yields  the  typical  fluid  pus,  while  that  called  forth 
by  chemic  irritants  is  more  or  less  coagulated  and 
semi-solid.  It  has  been  called  puruloid  by  some 
writers. 

Clinically,  bacteria  acting  as  agents  for  the  gene¬ 
ration  of  toxic  and  irritant  material,  are  by  far  the 
most  frequent  causes  for  inflammation.  Their  prod¬ 
ucts  are  the  acting  or  exciting  causes  and  these  are 
usually  alkaloidal  or  belong  to  that  class  known  as 
albumoses  or  toxalbumens.  Hence  they  fulfill  the 
idea  that  the  irritant  must  be  a  chemic  one.  The  me¬ 
chanical  influences  of  bacteria  were  at  first  given 
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considerable  prominence,  but  later  and  more  care¬ 
ful  investigation,  has  shown  this  to  be  too  inconsid¬ 
erable  to  notice.  Even  in  so  severe  a  disease  as  sep¬ 
ticemia,  mechanical  effects  account  for  nothing. 
And  again  the  idea  that  bacteria  simply  deprive  the 
tissue  cells  of  their  accustomed  oxygen  and  food  has 
been  shown  to  be  of  altogether  minor'  importance. 
The  action  of  certain  bacteria  for  harm  is  an  aggres¬ 
sive  and  strictly  positive  one. 

In  certain  forms  of  chronic  inflammation,  as  for 
example,  the  interstitial  inflammation  of  solid  organs 
like  the  kidneys,  liver,  spinal  cord,  etc.,  there  exists 
an  overgrowth  of  the  connective  tissue  framework. 
There  may  at  first  be  hypertrophy  of  the  whole  organ 
as  is  often  the  case  in  the  early  stage  of  chronic  in¬ 
terstitial  hepatitis.  This  is  soon  followed  by  an 
atrophy  and  degeneration  of  the  functional  cells, 
which  advancing  more  rapidly  than  the  formative 
process  in  the  framework  leave  the  organ  finally 
much  contracted.  Contracted,  moreover,  because  of 
the  property  of  the  new-formed  connective  tissue  to 
shrink  after  the  manner  noticed  in  cicatrices.  Such 
conditions  as  these,  if  they  are  rightly  called  inflam¬ 
matory,  and  it  would  seem  best  to  call  them  so,  are 
brought  about  usually  by  some  chemic  irritant  whose 
influence  is  exerted  upon  the  tissues  during  a  long 
period  of  time.  Such  chemic  substances  usually  act 
tlirectly  upon  the  living  cells.  They  may  be  the  prod¬ 
ucts  of  some  recent  bacterial  invasion  like  diphtheria 
or  more  remotely  syphilis.  Again, they  may  have  noth¬ 
ing  to  do  with  microbes,  and  be  the  products  of  the  liv¬ 
ing  tissue  itself,  e.  g .,  uric  acid  in  the  lithemic  or  bile 
in  the  cholemic  conditions.  Finally,  it  is  seen  that 
substances  derived  from  without  are  equally  capable 
of  producing  interstitial  change,  e.g.,  the  prolonged  use 
of  alcohol  and  the  effects  of  chronic  lead  poisoning. 

The  influence  of  these  irritants  are  in  the  above  in¬ 
stances  just  enough  to  provoke  connective  tissue  pro¬ 
liferation,  while  they  damage  the  more  highly  spe¬ 
cialized  or  functional  cells  of  an  organ. 


Once  more  it  is  seen  that  higher  organization  has 
its  disadvantages,  in  that  it  ultimately  gives  rise  to 
cells  whose  resistance  to  detrimental  agencies  are 
inversely  proportioned  to  their  degree  of  evolution 
or  specialization.  A  highly  specialized  cell  does 
better  work  than  one  less  evolved,  but  as  a  compen¬ 
sation  it  needs  greater  protection,  for  it  succumbs 
very  readily  to  harm  and  there  is  left  little  or  no 
prospect  of  restoration. 

We  know  of  large  numbers  of  pathogenic  bacteria 
but  they  do  not  all  excite  inflammation.  Inflamma¬ 
tion  is  in  many  cases  a  protest  on  the  part  of  tissues 
against  the  toxins  of  an  invading  organism.  Un¬ 
fortunately,  perhaps,  there  are  some  bacteria  and 
toxins  that  provoke  no  tissue  protest.  It  is  well 
known  that  there  are  many  toxic  alkaloids  that  cre¬ 
ate  no  inflammatory  reaction  ;  e.  g.,  aconite,  strych¬ 
nin,  morphin,  atropin,  etc.  The  toxins  of  hydropho¬ 
bia  and  tetanus  call  forth  little  or  no  defensive 
action  on  the  part  of  the  tissues.  Very  susceptible  ani¬ 
mals  may  offer  little  or  no  inflammatory  reaction  to 
anthrax ;  thus  in  man  we  have  occasionally  acute 
miliary  tuberculosis.  Both  illustrate  conditions 
where  there  is  no  local  protest  or  circumscribing 
action,  but  as  a  consequence  a  quick,  general,  sys¬ 
temic  invasion.  The  insidious  character  of  an  in¬ 
fection  without  distinct  local  inflammatory  manifes¬ 
tations  is  often  seen  in  syphilis.  The  local  lesion 
being  occasionally  too  trifling  to  notice.  Man,  for 
example,  is  not  very  easily  infected  with  anthrax, 
hence  we  expect  a  vigorous  local  reaction,  and  this 
is  usually  the  case  in  malignant  pustule. 

Infection  may  take  place  with  or  without  resist¬ 
ance,  but  inflammation  never  occurs  unless  resist¬ 
ance  is  offered.  As  tissues  approach  death  their 
inflammatory  vigor  diminishes  at  an  equal  rate.  In 
all  inflammation,  antagonism  is  necessary.  Cell  an¬ 
tagonism  is  most  typically  exhibited  toward  living 
microbes,  and  less  toward  toxins  and  chemic  irritants. 


